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What we will cover today

m Identifying the biological function and
context of a gene

m KEGG metabolic database
m Pathway analysis

m Integrate and interpret molecular work
within biological context

m http://www.genome.ad.ijp/keqgq/

m Single nucleotide polymorphism (SNP)
identification
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KEGG: Kyoto Encyclopedia of Genes and Genomes

A grand challenge in the post-genomic era is a complete computer representation of the cell and
the organism, which will enable computational prediction of higher-level complexity of cellular
processes and organism behaviors from genomic information. Towards this end we have been
developing a bioinformatics resource named KEGG, Kyoto Encyclopedia of Genes and Genomes,
as part of the research projects in the Kanehisa Laboratory of Kyoto University Bicinformatics

Center.
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Metabolic Database

Linked to other databases

m DBGET (database retrieval system)
e http://www.genome.jp/dbget/
m GenomeNet

m Flat file data
m GIF images

m Java graphics
|

h

3D images
ttp://www.genome.ad.jp/kega/
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m Linked to sequence interpretation
tools
m BLAST
= FASTA
= MOTIF
s CLUSTALW

What is the function of a
gene or gene product?

What is its biological
Context?




2 KEGG: Kyoto Encyclopedia of Genes and Genomes

rosoft Interne

Fle Edt Yiew Favorites Took Help

Qﬁack - \ﬂ @ N /_‘=5aarch ‘-j'\}’Favnr\tes @ reds £ -

Aiddr=ss ] hitp: . genome. ad jpfkegal

v B nks
~
Kyoto Encyclopedia of
Genesand Genomes
KEGG: Kyoto Encyclopedia of Genes and Genomes
A grand challenge in the post-genomic era is a complete computer representation of the cell and
the organism, which will enable computational prediction of higher-level complexity of cellular
processes and organism behaviors from genomic information. Towards this end we have been
developing a bioinformatics resource named KEGG, Kyoto Encyclopedia of Genes and Genomes,
as part of the research projects in the Kanehisa Laboratory of Kyoto University Bicinformatics
Center.
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KEGG: Kyoto Encyclopedia of Genes and Genomes A
A grand challenge in the post-genomic era is a complete computer representation of the cell and
the organism, which will enable computational prediction of higher-level complexity of cellular
processes and organism behaviors from genomic information. Towards this end we have been
developing a bioinformatics resource named KEGG, Kyoto Encyclopedia of Genes and Genomes,
as part of the research projects in the Kanehisa Laboratory of Kyoto University Biocinformatics
Center.
Building blocks of life Wiring diagrams of life
Genetic materials Chemical materials Genetic networks Chemical networks
KEGG Gene Universe KEGG Chemical Universe KEGG Protein Network
Genes and gene products Chemical compounds Metaholic pathways
in complete genomes Complex carbohydrates Regulatory pathways
Active peptides Molecular complexes
Genomic contexts Chemical reactions Metwork-network relations
Ortholg/paralog relations  RC {Reaction Classification) Network-environment relations
KO (KEGG Orthology) Diseases
Genetic and chemical blueprints of life
“KEGG Table of Contents
KEGG Release 31.0, July 2004 (plus daily updates)
Introduction Standards Links Distribution
User manuals Data formats Links to related databases Disclaimer
References £PL FTP access
Feedback form GenomeNet
Copyright 1995-2004 Kanehisa Laboratory
v
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KEGG:Kyoto Encyclopedia
of Genes and Genomes

= Gene Universe

m Genes and gene products
m Genomic contexts

m Ortolog/paralog relations
Chemical Universe

m Chemical compounds

m Peptides, carbohydrates
m Chemical reactions
Protein network
Metabolic pathways
Regulatory pathways

Networks and complexes
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KEGG GENES Database

The universe of genes and proteins in complete genomes

containing the information about ortholog groups and
conserved gene clusters

KEGG2 PATHWAY GENES LIGAND SSDB EXPRESSION BRITE XML API DBGET
DBGET Search

& search GENES or its subset: (enter keywords)

=

Search against: & |l species

) KEGG species (threedetter code such as hsa)

& Search GENOME: {enter keywords)

& Search KO (KEGG Orthology): (enter keywords)

Genome Map Browser
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KEGG GENES Database

The universe of genes and proteins in complete genomes

cont; g the information about ortholog groups and
conserved gene clusters

KEGG2 PATHWAY GENES LIGAND SSDB EXPRESSION BRITE XML API DBGET

DBGET Search

& Search GENES or its subset: (enter keywnrdsl

- Aspartokinase

Search against: @ 4|l species

O KEGG species (three-letter code such as hsa)

& Search GENOME: {enter keywords)

& Search KO (KEGG Orthology): (enter keywords)

Genome Map Browser
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DBGET Search Result

Database: GENES

KEGG Genes Database

Release 31.0+/08-04, Aug 04

Institute for Chemical Research, Eyoto Universicy
743,298 entries, 1,032,209,013 residues

Keyword(s): Aspartokinase (Total 163 hits. / limit=1000)

1. eco:b000Z <@@EMEN  thri, thedi, thrd2: aspartokinese I / homoserine dehydrogenase I [EC

z. metL, metM; aspartokinase II / homoserine dehydrogenase II [EC:2.7.2

3. lysC, apk: lysine-sensitive aspartokinase III (aspartate kinase III)

4. lysC: Lysine-sensitive aspartokinase III (aspartate kinase III) [EC:

5. thrl: aspartokinase I / homoserine dehydrogenase I [EC:2.7.2.4 1.1.1

6. lysC: aspartokinase III, lysine sensitive [EC:2.7.2.4)

7. aspartokinase II / homoserine dehydrogensase II [EC:2.7.2.4 1.1.1.3]

8. lysine sensitiwve aspartokinase III [EC:2.7.2.4]

9. lysC: lysine-sensitive aspartokinase III [EC:2.7.2.4]

10. scy:5TV0OO002 thrk: aspartokinase I/homoserine dehydrogensse I [EC:1.1.1.3 2.7.2.4

11. sty:STY3TES metl: bifunctional aspartokinase IIAhomoserine dehydrogenase IIcan I

1z. sry:5TV4416 lysC: lysine-sensitive aspartokinase III [EC:2.7.2.4]

13. sct:t0002 thrl: homoserine dehydrogenase / aspartokinase I [EC:1.1.1.3 2.7.2.4

14. srt:t3siy metl: aspartokinase II [EC:1.1.1.3 2.7.2.4]

15. stt:tdlze lysC: lysine-sensitive aspartokinase III [EC:2.7.2.4]

16. stm:STHMOO0Z thrk: aspartokinase I , khifunctional enxyme N-terminal is aspartokin

17. stm:STHM4101 metl: aspartokinase II in hifunctional enxyme: aspartokinase II: hom

18. scm:STM4220 lysC: aspartokinase III, lysine sensitive [EC:2.7.2.4)

19. ype:¥YPOO116 metl, metM: bifunctional aspartokinase/homoserine dehydrogenase II [

20. ype:YPOO459 thrld, thril, thriz: bifunctional aspartokinaselhomoserine dehydrogen

21. ype:YPO3719 lysC, apk: lysine-sensitive aspartokinase III [EC:2.7.2.4]

2zZ. ypk:y0oz3 lysC: aspartokinase III, lysine sensitive [EC:2.7.2.4) v
< ¥

Ao T




DBGET Resu

rosoft Internet

File Edit Wiew Favoritss Tools  Help "
OEack - @ ﬂ @ o) /.- ) Search 7 Favortes (@ Msdis (% = -
fiddress | ] htp wow.genome ad.jpfdbget-binjwmim_bget?eco:b002 v B nks
A
K co Escherichia coli K-12 MG1655: b0002
Help
Entry 000z [&75] E.coli
Gene name |thra, thral, thral
Definition|aspartokinase I / homoserine dehydrogenase I [EC:2.7.2.4 1.1.1.3]
K0 KO: E00003 homoserine dehydrogenase
KO: KO09Z8 aspartate kinase
OC search) \ OC viewer
Class Metabolism; Amino Acid Metsbolism; Glycine, serine and threonine
metabolisw [FATH:ecoO0Z60]
Metsbolism; Amino Acid Metsbolism; Lysine biosynthesis
[PATH:2co00300]
Gene catalog
SSEDEB OrthoIDgJ F’aralng) Mot\f} Geneclusler_)
Other DBs (Wisconsin: hOODZ
Colibri: thrd
RegulonDB: ECK1Z000000Z
NCBI: 17861832
UniProt: POOSAL
LinkDB FDB All DBs.
Position |337..2799  Genome map
AR seq BZ0 =8 | AAseq)  FASTA-genes) FASTA-sp ) BLAST-nr )
MEVLEF GG TOVANAERFLRVAD ILESNARQGOUVATVLSAPAKITNHLVAMIERTISGODA
LPNISDAERIFAELLTGLAAAQPGFPLAQLETFVDQEFAQIKHEVLHG ISLLGOCPDS THA
ALICRGEKMS IAIMAGVLEARGHNVTIVIDFVEFLLAVGHILESTVD IAESTRRIAASRIF
ADHMVLMAGF TAGNEKGELVVLGREGEDYSAAVLAACLRADCCEIWTDVDGVITCDPROV =
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Position

337..2799

Genome map,

AR seq

820 aa | AAseq) (FASTA-genes)| FASTA-sp )| BLAST-nr )

MREVLEFGGTSVANAERFLRVAD ILESNARQGOVATVLSAPAKITNHLVAMIEKTISGODA
LPNISDAERIFAELLTGLAAAQPGFPLAQLETFVDQEFAQIKEVLHGISLLGOCPDS TNA
ALICRGEKMS IAIMAGVLEARGHNVTIVIDPVEFLLAVGHYLESTVD IAESTRRIAASRIFP
ADHMVIMAGE TAGHEKGELVVLGRNGH D TSAAVLAACLRADCCEIWTDVD GVITCDEROV
PDARLLESMSYQEAMELSYFGAKVLHPRTITP IAQFQIPCL IKNTGNPQAPGTL IGASED
EDELFVEGISNLENMAME SVIGEGMEGMVGMAARVEAAMSRARISVVLITOSISEYSISTE
CVPQSDCVRAERAMOEEFYLELKEGLLEFLAVTERLATISVVGDGMRTLRGISAKFFAAT
ARANINIVAIAQGSSERS ISVVVNNDDATTGVRVTHOMLEF NTD OV IEVEVIGVGEVGGAL
LEQLERQOSHLENKHIDLEVCGVANSKALLTNVHGLNLENWEELAQAKEPFNLGRL IRL
VEEYHLLNPVIVDCTES0AVADQYADFLREGF HVVTPNEKANTSSMDYYHOLRYAAEKSR
REKFLYDTNVGAGLPVIENLONLLNAGDELMEFSGILSGELS Y IFGKLDEGMSFSEATTLA
REMGF¥FTEPDPRDDLEGMDVARKLLILARETGRELELAD IEIEPVLPAEF NAEGDVAAFMA
NLSCLDDLFAARVAFARDEGEVLRIVGNIDED GVCRVKIAEVDGNDPLEKVENGENALAF
FSHYYQPLPLVLRGYGAGNDVTAAGVFADLLRTLEWELGY

NT seq

+upstreamu nt +downstreaml nt

2483 nt | NT seq
atgegagtghtgaagtteggeggtacatcagtgyeanatycagaacgkttbobgeghgtt
googatattotggasagoaatgoeaggeagygyeagytggocaccgtectetotgocooe
gooaaaatoaccaaccacctyytggogatgattgaaaasaccattageggecaggatget
ttaccoaatatocagogatgoogaacgtattbtbgoogaacttbtyacgygactogoogoo
gocecagecggggttocegetygegoasttgaasactttegtegateaggaat ttgoceaa
ataasacatgtoctgoatggoattagtttgttygygeagtyocoggatageateaacget
gogotgatttgoegtggogagasaatytegategeeattatggocggegtattagaagey
cgogatoacaacogttactgttategateogotogaaaaactgetggragtygggoattae
ctogaatctacogtogatattgotgagtecaccegecgtat tyoggoaagecgeattesy

grobgatcacatggtgetyatygeaggttbeaccgeeggtantganasaggegaactggty
gtgottggacgoaacgyttoogactactotyotgogytyotgyotgootgbttacgogoo
gattgttgegagatttggacgyacgttgacgggytetatacetgegaccogegteaggty
cocgatgogaggttottgaagtegatgtectaccagyaagogatggagetttoctactte
ggogotaasgttettoaccooogoaceattaccoceategececagt tecagatecot bye

&1 non

ctoattasaaataccagasatecteaageaccanatacoeteattaotaocaccoataat
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K cc Escherichia coli K-12 MG1655: b0002

Entry L0002 D8 E.coli

Gene name |thra, thral, thral

Definition|aspartokinase I / homoserine dehydrogenase I [EC:2.7.2.4 1.1.1.3]

K0 KO: E00003 homoserine dehydrogenase
KO: KO09Z8 aspartate kinase

OC search) \ OC viewer

Class Metabolism; Amino Acid Metsbolism; Glycine, serine and threonine
metabolisw [FATH:ecoO0Z60]

Metsbolism; Amino Acid Metsbolism; Lysine biosynthesis
[PATH:2co00300]

Gene catalog

SSEDEB QrthnIDgJ Farﬂlng) Mot\f) Geneclusler_}

Other DBs (Wisconsin: hOODZ
Colibri: thrd
RegulonDB: ECK1Z000000Z
NCBI: 17861832

UniProt: POOSAL

LinkDB FDB All DBs

Position |337..279% | Genome map.

AR seq BZ0 =8 | AAseq)  FASTA-genes) FASTA-sp ) BLAST-nr )

MEVLEF 4 TSVANAERFLEVAD ILESNAROGOVATVLSAPAK I TNHLVANIERTIS30DA
LPNISDAERIFAELLTGLAAAQPGFPLAQLETFVDQEFAQIKHEVLHG ISLLGOCPDS THA
AL ICRGEKMSIATMAGVLEARGENVTV IDPVEKLLAVGHILESTVDIAESTRRIAASRIE
ADHMVLMAGF TAGNEKGELVVLGREGI DY SAAVLAACLRADCCEIWNTDVD GV TCDPROV
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Search Result: bOD0Z (Escherichia col;
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Escherichia coli K-12 Genes

According to the KEGG pathways

5. Amino Acid Metabolism

5.3 Glycine, serine and threonine metabolism [PATH:=2co00260]

*h0002 thra, thril, thraz; aspartokinase I / homoserine dehydrogenase
[EC:Z.7.2.4 1.1.1.3] [SF:AKLH ECOLI]

*h0002 thrk, thril, thri2; aspartokinase I / homoserine dehydrogenase
[EC:2.7.2.4 1.1.1.3] [SF:AKIH ECOLT]

5.8 Lysine biosynthesis [PATH:=co00300]

*h0002 thrh, thrdl, thrd2; aspartokinase I / homoserine dehydrogenase
[EC:2.7.2.4 1.1.1.3] [SP:AKIH ECOLI]

*h0002 thrd, thril, thraz; aspartokinase I / homoserine dehydrogenase
[EC:Z.7.2.4 1.1.1.3] [SF:AKLH ECOLI]

=

o

=

=

Last updated: Aug 04, 2004

[ KEGG | DBGET | GenomeNet ]
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Escherichia coli K-12 Genes

According to the KEGG pathways

5. Amino Acid Metabolism
5.3 Glycine, serine and threonine metabolism [PATH: eco00280]

*h000Z thrh, thril, thra2; aspartokinase I / homoserine dehydrogenase I
[EC:Z.7.2.4 1.1.1.3] [SF:AKLH ECOLI]

*h3040 metl, metM; aspartokinase IT / homoserine dehydrogenase IT [EC:2.7.2.4
1.1.1.3] [SP:aK2ZH ECOLI]

*b4024 lysC, apk: lysine-sensitive aspartokinase ITI (aspartate kinase III)
[EC:2.7.2.4] [$P:iK3_ECOLI]

*b3433 asd, hom: aspartate-semialdehyde dehydrogenase (Asd dehydrogenase)
[EC:1.2.1.11] [$P:DHAS_ECOLI]

*b0002 thrd, thrdl, thri2; aspartokinase I / homoserine dehydrogenase I
[EC:2.7.2.4 1.1.1.3] [$P:AKLH ECOLI]

*h3940 metl, wetM; aspartokinase II / homoserine dehydrogenase IT [EC:2.7.2.4
1.1.1.3] [$P:AKZH ECOLI)

10003 thrB; homoserine kinase (HK) [EC:2.7.1.39] [$P:KHSE_ECOLI]

*b0004 thrl: threonine synthase [EC:4.2.3.1] [SP:THRC_ECOLI]

h0&70 ¥bjU; L-allo-threonine aldolase (L-allo-TA) (L-allo-threonine
acetaldehyde-lyase) [EC:4.1.2.5] [SP:LTAE ECOLI]

*h2551 glyh; serine hydroxymethyltransferase (serine methylase) (SHNT)
[EC:2.1.2.1] [$P:GLYA ECOLI]

b1840 purT: phosphoribosylglycinamide formyltransferase 2 (gart 2) [GAR
transformylase 2] (5'-phosphoribosylglycinamide transformylase 2)
(formate-dependent GAR transformylase) [EC:2.1.2.-] [SP:PURT ECOLI]

h4388 serB; phosphoserine phosphatase (PSP} (0-phosphoserine phosphohydrolase)
[EC:3.1.3.3] [$P:SERB_ECOLI]

*h0907 serC, pdxF; phosphoserine aminotransferase [EC:2.6.1.52] [$P:SERC_ECOLI]

b2%13 serd; D-3-phosphoglycerate dehydrogenase (PGDH) [EC:l.1.1.95]
[5P:SERA_ECOLI]

*h0514 ybbZ; hypothetical 38.7 kD protein in GIP-fdrd intergenic region
[EC:2.7.1.31] [$P:GRKL_ECOLI]

*h3124 whal; glycerate kinase 2 [EC:2.7.1.317 [SP:GREZ ECOLI] M|
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K cc Escherichia coli K-12 MG1655: b0002
Help )
Entry 000z [+ 115] E.coli
Gene name |thrX, thrAl, thraz
Definition|aspartokinase I / homoserine dehydrogenase I [Ec:2.7.2.4 1.1.1.3]
KO KO: KO0O0O3 homoserine dehydrogenase
KO: KN0928 aspartate kinase
OC search | OC viewer
Class Metabolism; Amino Acid Metsholism; Glycine, serine and threonine
metabolism [PATH:eco00Ze0]
Metabolism; Amino Acid Metsholism; Lysine biosynthesis
[PATH:eco00300]
Gene cataion)
SSDB Ortholog) | Paralog ) |_Motif ) ( Gene cluster ) i
Othexr DBs (Wisconsin: hO00Z
Colibri: thra
RegulonDB: ECK1Z0000002
NCBI: 1786183
UniProt: POODSEL
LinkDB PDBE All DBs
Position |337..2799  Genome map
A= 820 @a | AAseq) (FASTA-genes)( FASTA-sp ) (_BLAST-nr )
MRVLEF GG TSVANAERFLRVAD ILESNARQGOVATVLSAPAK I TNHLVAMIEKTISGODA
LENISDAERIFAELL TGLAAACPGFFLAQLETEVDQEFAQIKIHVLHEISILGQUPDS INA
AL ICRGEKMS IATMAGVLEARGHNVTY IDPVEKLLAVGHYLESTVD IAESTRRIAASRIP
ADHMVIMAGE TAGNEKGELVVLGRNGS D ISAAVLAACLRADCCEIWTDVDGVITCDEROV v
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Genome map (eco) - Microsoft Internet Explorer
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ORF Calor
from 1bp to 150000bp
PATHWAY
E=
baaza beese
bBees bBB16 bBB29
bee12 bBB19 bBB26 bBa31
baeag bee1S bBB25 beB26
baaa1 baea4 baees baa14 bea24 bee27 bees2
| A [ L [ A A A DU b
1 36008
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bBaas baeia bae17 ba21
bBoa7 bBB1L ba1s bbaz2
bae13 bee23
bBB44
6834 bBB43 beg47 bees7
B33 bBB42 baa46 bBESE
baeaz baga1 baa4s bea4s bBass
P > -C'_--N—> b D [0 spees
bBA35 [YTEL] bag4g bBB54 baass
bBa36 bBB48 bBa5a
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KEGG: Kyoto Encyclopedia of Genes and Genomes

A grand challenge in the post-genomic era is a complete computer representation of the cell and
the organism, which will enable computational prediction of higher-level complexity of cellular
processes and organism behaviors from genomic information. Towards this end we have been
developing a bioinformatics resource named KEGG, Kyoto Encyclopedia of Genes and Genomes,
as part of the research projects in the Kanehisa Laboratory of Kyoto University Bioinformatics
Center.

Building blocks of life Wiring diagrams of life
Genetic materials Chemical materials Genetic networks Chemical networks

KEGG Gene Universe KEGG Chemical Universe KEGG Protein Network _
Genes and gene products Chemical compounds Metabolic pathways
in complete genomes Complex carbohydrates Regulatory pathways
Active peptides Molecular complexes
Genomic contexts Cherical reactions Network-network relations
orthaolg/paralog relations  RC (Reaction Classification) MNetwork-environment relations b
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and molecular complexes

Go to: 1. Metabolism

Genetic Information Processing
Environmental Information Processing
Cellular Processes

Human Diseases

0 {KEGG Orthology)

ZTuawn

See also:

1. Metabolism

1.1 Carbohydrate Metabolism
Glycolysis /f Gluconeogenesis
Citrate cycle (TCa cycle)

Pentose phosphate pathway

Pentose and glucuronate interconversions
Fructose and mannose metabaolism
Galactose metaholism

ascorbate and aldarate metabolism
Starch and sucrose metaholism
Aminosugars metabolism

MNucleotide sugars metabolism

|

KEGG PATHWAY Database

Current knowledge on molecular interaction networks,
including metabolic pathways, regulatory pathways,

KEGG2 PATHWAY GENES LIGAND SSDB  EXPRESSION BRITE XML API DBGET

Carbohydrate Energy Lipid Muclectide  Amino acid - Other amino acid
Glycan PE/MNRP  Cofactorfvitamin  Secondary metabolite  Xenochiotics

Ortholog, Oridoreductases
artholog

artholog

Drthaolog

Ortholog, PTS

artholog

artholog

Ortholog, PTS

Ortholog, PTS

artholog

=T
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< KEGG PATHWAY, Database - Microsoft Internet Explorer
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#ddress €] hetpajfwan.genome. ad. Jofkeggfpathwiay. herl

1.4 Nucleotide Metabolism
Purine metabalism
Pyrimiding metabolism
1.5 Amino Acid Metabolism
Glutamate metabolism
Alanine and aspartate metabolism
Glycine, serine and threonine metabolism
Methionine metabaolism
Cysteine metabolism
waling, leucine and isoleucine degradation
Waling, leucine and isoleucing hiosynthesis
‘ Ly=ine biosynthesis
Lysine degradation
Arginine and proline metabolism
Histidine metabolism
Tyrosine metabolism
Phenylalanine metabolism
Tryptophan metabolism
Phenylalaninge, tyrosing and tryptophan biosynthesis
Urea cycle and metabolism of amino groups
1.6 Metabolism of Other Amino Acids
beta-alanine metabaolism
Taurine and hypotaurine metabolism
aminaphosphonate metabolism
Selenoarning acid metabolism
Cyanoamino acid metabolism
D-Glutamine and D-glutamate metabolism
D-frginine and D-ornithine metabolism
D-Alanine metabalism
Glutathione metabolism
1.7 Glycan Biosynthesis and Metabolism
N-Glycans biosynthesis

K_rsleran doaradstine

artholog
artholog

ortholog, aminotransferases
artholog
artholog
Drthaolog
arthalog
artholog
artholog
Ortholog

artholog
artholog
Drthaolog
arthaolog

artholog
Ortholog

artholog

B e
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K[cc ENZYME: 2.7.2.4

Help
Entry EC 2.7.2.4
Hame aspartate kinase
aspartokinase
AK

heta-aspartokinase
aspartic kinase

Class Transferases
Transferring phosphorus-containing groups
Phosphotransferases with a carboxy group as acceptor

Sysname |aTP:L-aspartate 4-phosphotransferase

Reaction |ATP + L-aspartate = ADP + 4-phospho-L-aspartate
[RN:ROO480]

Substrate|aTP [CPD:cO0002]

L-aspartate [CPD:C00049]

Product ADP [CPD:CO0008]

4-phospho-L-aspartate [CPD:CO308Z]

Comment |The enzyme from E. coli is a multifunctional protein, which also
catalyses the reaction of EC 1.1.1.3 howoserine dehydrogenase.

Reference|1

Black, 3. Conversion of aspartic acid to homoserine. Methods
Enzymol. 5 (1962} 820-827.

2 [PMID:e0582040]

Paulus, H. and Gray, E. Multivalent feedback inhibition of
aspartokinase in Bacillus polymyxa. I. Kinetic studies. J. Biol.
Chem. 242 (1967} 4980-4986.

3 [PMID:4551031]

Starnes, W.L., Munk, F., Maul, 3.B., Cunninghsam, &.N., Cox, D.J.

2o T
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Lysine biosynthesis - Reference pathway
[ LinkDB search | Ortholog table | Pathway m

ul

Reference pathway

Feference pathway (Reaction)
All organisms in KEGG

Homo sapiens

Homo sapiens (Disease)
Mus musculus

Fattus norvegicus
Drosophila melanogaster
Caenorhabditis elegans
Arghidopsis thaliana
Cyanidioschyzon merolae
Saccharomyces cerevisiae
Ashbya gossypii

Candida albicans
Schizosaccharomyces pombe
Plasmodium falciparum
Escherichia caoli K-12 MGTERS
Escherichia cali K-12'3110
Escherichia coli 0157 EDL333
Escherichia coli 0157 Sakai
Escherichia coli CFT073
Salmonellatyphi
Salmonellatyphi Ty2
Salmonellatyphimurium
ersinia pestis

“ersinia pestis KIM

“versinia pestis Mediaevails
Shigella flexneri

Shigella flexneri 2457T
Erwinia carotovora

H-acetyl-L-2-amino-
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Lysine biosynthesis - Arabidopsis thaliana
[ LinkDB =search | Ortholog table | Pathway menu ]

Arghidopsis thaliana -

LYSINE BIOSYNTHESIS

" e A
e e L _
ozt

H-uccingl-L-2 5
L-&spartate 2 ,3Dihydrodipi colinate diaminopimelat
23724 O 42152 C 13128 ] 231117 O 26.1.17 Q
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! Homo-cis  S-adenyl2- L-z-Aminosdipat
Homoriwate aronitate aminosdipate E-semialdenyle 5115

mean-2 5L
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acetylCot O—{2 3314 . E
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$glﬂ(ﬂm(e S-acyl enzyme e

Results

m Four records

m Two bifunctional aspartate kinase-homoserine
dehydrogenases

m One aspartate kinase
m One aspartate kinase, lysine sensitive

m Provides amino acid and DNA sequences
m Provides pathway information
m Provides other useful links




2 DBGET Result: A.thaliana At1g31230 At4g19710 At5g132B0 At5g14060 - Microsoft Internet Explorer
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K cc Arabidopsis thaliana: At1g31230
Help

Entry Atlg21230 cD3 A.thaliana

Gene name (FI8KZ0.19

Definitionbhifunctional aspartate kinase/homoserine dehydrogenase / AE-HSDH
[Ec:2.7.2.4 1.1.1.3]

KO KO: KO0O0O3 homoserine dehydrogenase
KO: KN0928 aspartate kinase

0C search ) | OC viewer

Class Metabolism; Amino Acid Metsholism; Glycine, serine and threonine
metabolism [PATH:athO0ZEO0]

Metabolism; Amino Acid Metsholism; Lysine biosynthesis

[PATH: ath00300]

Gene catalog

SSDB Ortholog) | Paralog ) | _Motif ) | Gene cluster )

Other DBs |TIGR: Atlg31230
TATR: At1g31230
MIPS: At1g31230
NCBI: 15221653

LinkDB FDB All DBs

Position |I:complement (join(11158725..11158970,11159067..11159159,11159234. .
11159317,11159402..11159537,11159642 . .11153787, 11159921, . 11160146,
11160227..11160309,11160395..11160588,11160712..11160810, 11160936, .
11161049,11161138..11161225,11161305. 11161513, 11161603 .. 11161655,

11161771, .11162074,11162179, 11162267, 11162383, .11162757, 111626841, . 11163036} )

Genome map.

<3 DBGET Result: A.thaliana At1g31230 At4g19710 At5g132B0 At5g14060 - Microsoft Internet Explorer
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K cc Arabidopsis thaliana: Atdg19710
Help

Entry At4gl0710 (a2} A.thaliana
Gene name (T16HS5.70

Definitionbifunctional aspartate kinsse/howmoserine dehydrogenase, putative /
AK-HSDH, putative [EC:1.1.1.3 2.7.2.4]

KO KO: KO0O0O3 homoserine dehydrogenase
KO: KN0928 aspartate kinase

OC search | OC viewer

Class Metabolism; Amino Acid Metsholism; Glycine, serine and threonine
metabolism [PATH:athO0ZEO0]

Metabolism; Amino Acid Metsholism; Lysine biosynthesis
[PATH:ath00300]

Gene catalog

SSDB Ortholog) | Paralog J | _Motif } | Gene cluster }

Other DBs |TIGR: Atdglo7i0
TAIR: Atdglo7iD
MIPS: AtdglaTiD
NCBI: 42572959

LinkDB FDB All DBs

Position |IV:join(10725239..10725443,10725521..10725901,10725975,.10726063,

10726147, .10726450, 10726517, . 10726565, 10726648 . . 10726856, 10726365, .

10727052, 10727144, . 10727257, 10727386, . 10727484, 10727597, .10727791,

10727893, .10727980, 10728135, .10728360, 10728483 . . 10726628, 10728721, .

10728856, 10728052..10720035, 10720121, 10720213, 10729301, . 10729546} | Genome map)

) e 916 aa | AAseq) (FASTA-genes) FASTA-sp ) BLAST-nr )

~




Enzyme Nomenclature

m http:// www.chem.gmul.ac.uk/iubmb
/enzyme/

m Nomenclature Committee of the International
Union of Biochemistry and Molecular Biology

(NC-IUBMB)
m Reactions and pathways

'Threonine Biosynthesis

biosyrihe s [EC 1.1.1.3] Rt
Y/\CHO e omen
H TH;

HaDH NAD"'
+H"

Ll‘

L—aspartate 4—9& rmaldshytle L-homwoserine

L DF

lsolew:me and raline TooG 2 4 251 CH, —O—Pp
mc}mt'mms =

H H;
zo
| ek 4 phospto L omoserine

2,‘? IBQK

Return to:

enzymes homepage.

aspartate biosynthesis.

isoleucine and valine biosynthesis.
corrin biosynthesis.

EC 1.1.1.3 homoserine dehydrogenase
EC 2.7.1.39 homoserine kinase

EC 4.2.3.1 threonine synthase




Single Nucleotide
Polymorphism (SNP)
Discovery

Use of SNPs?

m Genetic mapping
m Highly abundant markers
m Easy to assay

m Distinguish plant variety
m Variety protection

m Phylogenetics




Single Nucleotide
Polymorphism
- A working definition -
Single base changes between
homologous DNA fragments

Small insertions and deletions (indels)

t
SNP SNP (Indel)

SNPs
(Single Nucleotide

___Polymorphisms) =

m Genetic variation
m Can be alleles of genes

m also differences in non-coding regions
collected from genome sequencing of
different individuals

m dbSNP at the NCBI - all public SNP data

m SNP Consortium at CSHL - high quality
set




SNP Marker Discovery

1. Design PCR primers to existing sequence: Complete genes, ESTs,
BAC-ends, BAC-subclones, SSR flanking regions, etc.

2. Identify sequence tagged sites (STSs) visually (agarose gel) and
by sequence analysis

3. Amplify the homologous sequence from a panel of diverse
genotypes

4. Determine sequence quality (PHRED) and align sequence traces
(PHRAP) from the diverse genotypes

5. Analyze assemblies with SNP discovery software such as
PolyBayes for SNP discovery in redundant sequence

6. Analyze haplotype variation and database

Discovery of SNPs in aligned DNA sequence data using PolyBayes in the Consed

File Havipate Info Color Dim Hisc viewer. H%lp
010831, nap, ace, 1 |[Iontig1 Some  Taps| Pos3 c‘ear

Search for String| Compl Euntl Conpare Cont| Find Hain Hinl Err.v'll]kh:l |235~19
80 100 110 130 140 150 160 170

A

GACTCATTCACCGTTGRATCATCATCARRTTRTGCATCARGTTEGRARCTCAT TTCCARRCATTTTCACCLTTLEARTTTACGARGA

AL TCATTCACCRTTRGATCATCATGARATTGTOCATCAAGT TCOGAACTCATTTCCARACATTTTCACCOT TRGAAT TTACCARGA
LMACTCATTCACCGTTRGATCATCATCARRTTRTCATCARGTTCGGAACTCAT TTCCARACATTTTCACCGTTREART TTACGRAGA
LA TCATTCACCGTTRGATCATCATGARRTTRTCATCARGTTCGGAACTCAT TTCCARACATTTTCACCGTTREART TTACGRAGA

IGACTCATTCACCGTTRGATCATCATOARATTRTGCATCARGTTCGLAACTCATTTCCAARCATTTTCACCGT TRRAATTTACCARGA

ABSACTCATTCACCGTTRGATCATCATCARRT TRTRCATCARGTTCGGAACTCATTTCCARACATTTTCACCGTTGRART TTACGRAGA

L8ACTCATTCACCGTTRGATCATCATGAART TRTRCATCARGTTEGAAACTCAT TTCCARACATTTTCACCG TTGEART TTACGAAGA

IGACTCATTCACCGTTRGATCATCATGARATTETGCATCARGTTCGEAACTCATTTCCARRCATTTTCACCGTTRRAATTTACGARGA
B AL TCATTCACCGTTGOATCATCATGARATTGTRCATCAAGT TCRGAACTCATTTCCARACATTTTCACCOT TRGAATTTACCARGA
(O o B -\ TCA T TCACCG T TRGATCATCATGAART TR TRCATCARGT TCGAAAC TCAT TTCCAAACATTTTCACCTTCEART TTACGAAGA
peial T O AL TCAT TCACCRTTGLATCATCATGARATTLTRCATCARGTTCEEAACTCATTTCCARACATTTTCACCOT TRLAAT TTACCARGA
Nol . MACTCATTCACCGTTRGATCATCATCARAT TR TRCATCARGT TEGGAACTCATTTCCAAARCATTTTCACCGTTGEART TTACGAAGA

e BT CAT TCACCGTTRGATCATCATRARAT TTGCATCARGTTCGLAACTCATTTCCARRCATTTTCACCGTTRRAAT TTACGARGA

VOITIERIE] SNP Discovery software _

4 I |

|- ]




Verify SNPs in Sequence Alignment (Consed viewer)
Disni:

e = —————|
TGA AA TTGTGC ATCAAIDGTTLC GGA ALC TC A TTTLCLC AAALC AT

F02_010831Hinsoy_.g-12_abl

thacte | —

Fo1_010831Archer_.g_11.abl

%Ezsaé{sl

F05_010831PT20933,2_11.abl

%Essaissl

Fod_010831Evans__.g_12.abl

iEraﬁ{sI

FO06_010831Peking_.g_12.abl

iEraﬁ{sI

F03_010831Hoir_1_.g_11.ah

s | P—

{ ! /
Help Insert isni next | Help Delete |

Data from Consed to SNP
Database

1. Consensus sequence is created from the Phrap alignment
after trimming of bases with Phred score < 25 from each
end of sequence.

2. The position of each single base change or insertion/deletion
(indel) is indicated in the consensus sequence e.g. Single
base changes: A/T or 6/A and indels: T/- or TC6G/-

3. The “haplotypes” that are present in the fragment is
determined and the haplotype of each genotype is
determined and placed in the database. The haplotype is
the linear, ordered arrangement of SNP alleles on a
chromosome or DNA fragment.

4. Sequence data are placed in the database in a format that
allows direct submission to dbSNP, the National Center for
Biotechnology Information database for SNP data from all
species.




1. Source File:

2. SNP File:

alternative

€.

Relational Database
Structure

a. Information relating to the source of the sequence
b. BARC sequence ID

¢. PCR primer sequences

d. optimal PCR conditions

e. person submitting information

a. Data for each individual SNP
b. BARC sequence ID
¢. consensus sequence derived from the alignment of

genotypes,
d. sequence to the 5' side of the SNP

the alternative SNP alleles
f. the sequence to the 3’ side of the SNP

Forwand Pr ID
Rewerse PrID
Mg Conc in miv
BUFFER:
Pruvenling Temp
Primer Plate
Forsaad priner location

Forwand Pr Conc in ubd
Rewerse Pr Conc in ubd
PFCR Product Length
Seq Daa Length
Commens @ PCR Ampif
Commens @ sequencing

The Source File

“aulin
7548

Date entered nto
ABOD2620 database
ABOOD3680 Tratizo0z
Genbank
gene

random

AZB4 Glycinin
AGTGECCCAATATGTTGTCCTCTAC
GTTCGCETTCAAMGTTCCANT

7548
7546
375
BUFFER:
a0

5T5-5

o1&
o1&
541
3358

AGTGCCCARTATGT TG TCCTCTACAGGGTATGTAAT TCACTTCAT TCATA
TTACAAGTAATCAACATGAAACTAATATACGTGCATACTIGCCATCTACC
ATAGTAGTGTTITT TGTGGATTT TCAGTGTTAAT TAGTGTATCTTCAGAGAS
PGSR T AR LG AL G CACTASANCAGE G GEAAMAT CATAATTCATAGGTC
ATATAC CATACAATAAGAAGACATALAAATGTTAACAAGTATGTTGTAGGE
TTGGETTCCTITTAATGTCATT TAAAT TAAATCTCACTT TGATAGATAACT
GATTTT TAGAGGTTATGTAGAGGTAATT T TATAGTTATAATGGAGTANAATT
GTTTGTATTCTAAATT TGTGOATTGATTTT T TASAGTGAGT T TCCATATAT




The SNP File

SHP Mame  BIARC-GRW-00001 Date entered into Database Ti31/2002

Sequence ID 7548 Date submitted to NCBI 513112002

e, SNP Posiion in consensus 363 Genehank s 4473754

SNF postion in consed Submitter name Youlin
Probabiity 1
Tanstype S
6B Accessiond  ABO02ER0 Sequence Source  Gerbiank
Type 0ENE Putative Phenotype: Association I3 101

Comment 4304 Glycinin

Fside  ATTACAAGTAATCAACATGAAACTAATATACGTGCATACTTGCACATCTACCATA
GTAGTGTTTTTGTGGATTTTCAGTGTTAATTAGTGTATCTTCAGAGARAGARATAA
AAGRAAGCACTAAARGAG GO GAAAATCATARTTCATAGGTCATATAC GATACAS
TAAGAAGACATAARAATGTTAACAAGTATGTTGTAGGGTTGGGTTCCTTTTAATG
TCATTTAAATTARATCTCACTTTGATAGATAACTGATTTTTAGAGGTTATGTAGAG
GTAATTTTATAGTTATAATGGAGTASAATTGTTTGTATTCTAAATTTGTGCATTGAT
TTTTTAAAGTGAGTTTCGACATATAATT

sHR TIC

Tside AARATATATCATTACCTCTTATTTGATAATAATTAAACATTTATCATTTATATAATAA
TAATAATAATATGTAACATGTATTATTATATCCATGCATGCAGAA

Relational Database
Structure

3. Genotype File:
a. BARC sequence ID
b. SNP name
¢. the SNP position in the consensus sequence
d. SNP allele present in each genotype

4. Haplotype File: (One record for each haplotype for a sequence ID)
a. BARC sequence ID
b. haplotype ID
¢. SNP position(s) in the consensus sequence
d. the genotype(s) with the haplotype
e. the complete sequence of the haplotype




Sequence 1D
Haplotype 1D
SNP Positions
Haplotype Short Seq

Haplotype Lo Seq

The Haplotype File

Date entered into Database
18352003
Subwmitter Name
Ik-oung

14843
014843_HAPZ
449-476-

[ta]
Archer_Minsoy_;
GATACCCTAGATGAMACAGCAAGGAGTGCAGGAAG CACAC GCTC CACAAGGTCA
CCCAATACAAGAAG GG CAAGGACAGCATCGCCGCTCAGGGAAMACGCCGTTAT
GACCGCAMMCAGTCCOGTTACGGTGGCCAGAC CAAGC CCGTTTTC CACAARAS
GGTACAATTCTACTGTTTCCOCCAMACACTG CCTTATGGTTTT TATTGCTAATAAT
TTACTTTTAATTAAT TAATTAG GUGAARAC CACCAAGAAMATTGTGTTGAGGCTCCA
GTGCCAAGGATGCAAGCATGTCTCGCAGCAC GUTATCAAG GTAAAG CATCACTT
TCCGTCETCGTTTTGTATTGTTATTGTGCATGTITGGTT TACAGTC GAMATGCTG
CTGTGCACGAAC CAATGLAMATCCAAT CAATAALAGTAMAAT GAAC GCAGAAMGTGT
TGGCAMMATTACTTTTGCCTCARACAGTAATTTTGCAACTGATTCC CAAACATGCT
CATTGCCGTITIGAACACGTGGTITGATGCTTGCTATGTGGTTCTGTTTTGCAGAG

GATACCCTAGATGAAACAGCAAGGAGTGCAGGAAG CACAC GCTC CACAAGGTCA
COCAATACAAGAAG GG CAAGGACAGCATCGCCGUTCAGGGAMAACGCCGTTAT
GACCGUAAMCAGTCCGGTTACGGTGGCCAGAC CAAGC COGTTTTOCACARAAA
GOTACAATTCTACTGTTITCCCC CARACACTGCCTTATGGTTTTTATTGCTAATAAT
TTACTTTTAATTAATTAATTAG GO GAAMAC CACCAAGAARATTGTGTTGAGGCTCCA
GTGCCAAGGATGCAAGCATGTCTCGCAGCAC GUTATCAAGGTAAAGCATCACTT
TCCGTCGTCGTITTGTATTGTTATTGTGCATGTTITGGTTTACAGTC GAARATGCTG
CTGTGCACGAAC CAATGCAMATCCAATGAATARAAGTAAAATGAAC GCAGAAGTGT
TGGECAAMATCACTTTTGCCTCAMMCAGTAATTTTGCAACTGATTC CUAAMCATGCT
CATTGCCGTITTGAACACGTGGTTGATGCTTGCTATGTGGTTCTGTTTTGCAGAG
GTGCAAGCACTTTGAGATCGETGGTEACAAGAAG GEAMMAGGAACATCTCTCTT
CTAGATGGAATATTAGAATT TG CAATTTCACACACTCTCTGTACTTTTCTCAGTTT
GATTGCCACGGG

Sequence D

SHF name

SHP Position

SNP position before trimming

= —= = 4 o 4 - 4 -

The Genotype File

Date entored into Database
13112002

7548
BARC-GM-00001
L] Submitter name

Youlin

Hor 1

PLAAa32

Poty Wich
Poly WA
Poly 2Evans
Poly s genotypes.




Positions of 455 SNPs Mapped on the 20 Linkage Groups of the Soybean
Genetic Linkage Map
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What we covered today

m KEGG Metabolic database
m Pathway analysis

m Integrate and interpret molecular
work within biological context

m http://www.genome.ad.jp/kegg/

m Single nucleotide polymorphism
(SNP) identification




